Mold starters are used for the preparation of koji, a starter used in the early stages of the production process for various Japanese fermented foods, including sake, miso, shoyu (soy sauce), and shochu (a distilled liquor made from sweet potato, rice, barley, buckwheat, and so on). They are prepared by the fermentation of rice, barley, and soybeans with GRAS (generally recognized as safe) filamentous fungi, such as the Aspergillus species. Rice mold starter, the main mold starter, is generally prepared by fermenting steamed rice with Aspergillus species at about 30 C for 5-7 d, producing epiphytic spores of more than 10 8 per weight (g) of rice. Fermented foods have been reported to have an antioxidative biofunction, [1] [2] [3] [4] [5] and have been evaluated for their role in the promotion of health or the prevention of life-style diseases. [6] [7] [8] Pyranonigrin-A (PG-A), an antioxidant, has been isolated from rice mold starters. 9) Rice mold starters are thought to contain other antioxidants and bioactive compounds. In this study, we attempted to isolate further antioxidants in rice mold starters prepared by fermentation with the Aspergillus species.
It has been suggested that oxidative stress plays an important role in the pathogenesis of cardiovascular diseases, mainly through the oxidative modification of low-density lipoprotein (LDL), initiating vascular inflammation and atherosclerotic lesion formation. 10, 11) Antioxidants may therefore have great potential to delay LDL oxidation with their radical scavenging activity and thus prevent cardiovascular disease. 12, 13) Moreover, they have been shown to be anti-inflammatory agents that inhibit the expression of vascular cell adhesion molecules. [14] [15] [16] The induction of vascular cell adhesion molecules is a common feature in an inflammatory environment and occurs with the early development of atherosclerosis. 17) This study was undertaken to isolate and identify the antioxidants in rice mold starters. The antioxidants were examined for their levels of antioxidative activity, and their suppressive effect on the expression of blood adhesion molecules was investigated by measuring vascular cell adhesion molecule-1 (VCAM-1) in human umbilical vein endothelial cells (HUVECs) induced by tumor necrosis factor-(TNF-).
Materials and Methods
Materials. Ten Aspergillus species used for the manufacture of mold starters were obtained from Bioc Co. (Aichi, Japan): A. oryzae KBN1010 (mold starter y To whom correspondence should be addressed. Fax: +81-52-804-1044; E-mail: miyakeyo@tokaigakuen-u.ac.jp Abbreviations: DPPH, 1,1-diphenyl-2-picrylhydrazyl; VCAM-1, vascular adhesion molecule-1; HUVECs, human umbilical vein endothelial cells; PG-A, pyranonigrin-A; PG-S, pyranonigrin-S; TNF-, tumor necrosis factor-for sake), A. oryzae KBN1022 (mold starter for sake), A. oryzae KBN919 (mold starter for miso), A. oryzae KBN943 (mold starter for miso), A. oryzae KBN616 (mold starter for shoyu), A. oryzae KBN630 (mold starter for shoyu), A. sojae KBN622 (mold starter for shoyu), A. awamori KBN2012 (mold starter for shochu), A. kawachii KBN2001 (mold starter for shochu), and A. saitoi KBN2024 (mold starter for shochu). PG-A was obtained according to the method used by Miyake et al. 9) The reagents used in this study were of analytical or HPLC grade (Wako Pure Chemical Industries, Osaka, Japan).
Preparation of the rice mold starters. The rice mold starters were prepared according to the reported method. 9) Test organisms were cultured in a PDA medium for 7 d at 30
C. The spores of the Aspergillus species (1 ml, 10 6 spores/ml) were inoculated into 10 g of steamed rice and cultured for 7 d at 30 C. Rice of 2-3% degree of milling was used in this experiment because it contains abundant minerals and vitamins and is more suitable for the growth of Asperigillus species than polished white rice. The number of spores of the rice mold starters after 7 d was more than 5 Â 10 8 spores per weight (g) of rice.
Isolation of the antioxidant from rice mold starters. 200 g of a rice mold starter (7.7% water content) prepared by fermenting rice with A. saitoi KBN2024 was extracted with 2.0 liter of methanol at room temperature for 24 h. The extract was concentrated under reduced pressure and applied to an absorbent resin column (È37 Â 500 mm, Amberlite XAD-2 resin, Rohm and Haas Co., Philadelphia, USA). The fraction eluted with 40% methanol from the column was concentrated under reduced pressure and applied to preparative HPLC (LC-8A, Shimadzu Co., Kyoto, Japan) which was carried out with a YMC-ODS column (YMC-Pack ODS-A, È20 Â 250 mm, S-5 mm, YMC Co., Kyoto, Japan), UV detection at 280 nm, a mobile solvent of 35% methanol, and a flow rate of 10 ml/min at room temperature. The fractions separated by preparative HPLC were checked for antioxidative activity by a 1,1-diphenyl-2-picrylhydrozyl (DPPH) radical scavenging assay. An antioxidant (3.8 mg) was isolated and its purity was confirmed to be more than 99% by an HPLC analysis.
Radical scavenging activity of DPPH. The antioxidative activity was measured by the DPPH radical scavenging activity according to the reported method. 9) A 100-ml amount of 0.13 mg/ml of DPPH dissolved in ethanol, 80 ml of a 0.1 M TrisÁHCl buffer (pH 7.4), and 20 ml of the sample were mixed. After a 1-h incubation at room temperature, the absorbance (A 517 ) was recorded. A negative control was run with a sample solvent, and trolox and ferulic acid served as the standard antioxidants. The activity was calculated from the percentage decrease with respect to the negative control value. The EC 50 value used to evaluate the antioxidative capacity was the effective concentration at which DPPH free radicals were scavenged by 50%. Each data value is presented as the mean AE SD (N ¼ 4).
Determination of pyranonigrins by HPLC. The content of pyranonigrins as PG-A and pyranonigrin-S (PG-S) was determined by HPLC (900 series, Jasco Co., Tokyo, Japan), using a YMC-ODS column (YMC-pack È4:6 Â 150 mm, S-5 mm, YMC Co., Kyoto, Japan), UV detection at 311 nm, mobile solvents of methanol and water containing 5% acetic acid, and a flow rate of 1 ml/ min at a column temperature of 40 C. The concentration of methanol in the mobile phase was changed from 10% to 90% in 15 min, and 100% methanol was eluted for 5 min. The t R values of PG-A and PG-S were 7.6 min and 8.5 min, respectively. 150 mg of each rice mold starter was extracted with 10 ml of methanol at room temperature for 24 h in the experiment to determine pyranonigrins in rice mold starters. In the experiment for determining the pyranonigrins in rice and spore parts of a rice mold starter, one particle of the rice mold starter (16:2 AE 1:3 mg), which had been prepared by A. saitoi, was put into a microtube and strenuously mixed with a Vortex-Genie 2 Mixer (M&S Instruments Inc., Tokyo, Japan) for 3 min. The rice part (15:3 AE 1:7 mg) and the spore part (0:9 AE 0:2 mg) were collected and extracted with 1 ml of methanol at room temperature for 24 h. Data are presented as the mean AE SD (mg/g of sample, N ¼ 3{4). Levels of less than 1 mg/g of sample rice are shown as ''ND'' (not detected).
Suppression of VCAM-1 expression in HUVECs. The antioxidant's ability to suppress the expression of VCAM-1 was assayed according to the reported method 18) involving the change from ICAM-1 (intercellular adhesion molecule-1) to VCAM-1. HUVECs were cultured in an endothelial cell growth medium (Cell Applications, San Diego, USA) on a microplate at 37 C, in an incubator with 5% CO 2 and 95% air. After the HUVECs had reached confluence, the cells were treated with a 1 mM or 10 mM sample, dissolved in DMSO for 1 h, and then stimulated with TNF-(10 ng/ml, Peprotech EC., London, UK) for 6 h. The cells were incubated with a mouse anti-human VCAM-1 monoclonal antibody (Chemicom International, Temecula, USA) and then treated with the peroxidase-conjugated goat IgG fraction to mouse IgG (whole molecular, MP Biomedicals, Aurora, USA). After adding a TMB solution (Dojindo Laboratories, Kumamoto, Japan), the absorbance (A 450 ) was determined by a microplate reader (Sunrise Rainbow, Wako Pure Chemical Industries, Osaka, Japan). The negative control was run with the sample solvent and no TNF-. The positive control was run with the sample solvent and the induction of TNF-. The influence of the sample on the cell viability of the HUVECs was measured by an MTT assay. 19) The absorbance (A 550 ) was determined by the microplate reader, and the cell viability (%) was calculated from the ratio to the negative control level. Negative control was run with the sample solvent (DMSO). Each data value is presented as the mean AE SD (N ¼ 4) . A statistical analysis was conducted by two-way ANOVA and a subsequent Fisher PLSD test to identify significant differences. A 5% significance level (P < 0:05) was used to determine differences from the positive control.
Instrumental analysis of the antioxidant isolated from the rice mold starter. The UV-vis absorption spectrum for the sample dissolved in methanol was recorded by a spectrophotometer (U-2000, Hitachi High-Technologies Co., Tokyo, Japan).
1 H-NMR and 13 C-NMR spectra were recorded by a JNM-ECP-500 instrument ( 
Results and Discussion
Isolation and identification of the antioxidant It has been previously reported that the rice mold starter prepared by A. saitoi exhibited the highest antioxidative activity of all other rice mold starters prepared by the Aspergillus species and that the antioxidant, PG-A, was isolated from the rice mold starter (Fig. 1). 9) PG-A is a unique compound having a pyran-pyrrole skeleton in food and food material. We thought that the rice mold starter might contain other antioxidants and biofunctional compounds, so in this study, we attempted to isolate further antioxidants from rice mold starters. We were able to isolate an antioxidant exhibiting DPPH radical scavenging activity from an extract of the rice mold starter by using preparative HPLC. It was a small peak and had a longer retention time on the HPLC profile in comparison with PG-A. The compound was analyzed by UV, FAB-MS, 1 H-NMR and 13 C-NMR. Consistency of the analytical data with reported data enabled it to be identified as pyranonigrin-S (PG-S) having a pyran-pyrrole skeleton. 20) PG-S is a derivative of PG-A, the structural difference between PG-A and PG-S being the presence of a hydroxyl group or hydrogen at the C-7 position (Fig. 1) . Pyranonigrins such as PG-A and PG-S have reportedly been isolated from a static culture of Aspergillus niger isolated from the Mediterranean sponge. 21) This study found for the first time that PG-S was also contained in a rice mold starter which is safe and practical for use in food processing.
Antioxidative activity of pyranonigrins
The antioxidative activity of pyranonigrins PG-A and PG-S was measured by their DPPH radical scavenging activity (Table 1) . They were compared with ferulic acid, which is known as an antioxidant in cereals, 22) and trolox, which is a standard antioxidant. The DPPH radical scavenging activity of the pyranonigrins was found to be weak compared with ferulic acid and trolox, although they did show some activity. The antioxidative activity of PG-S has never been reported before and was found in this study for the first time. The DPPH radical scavenging activity of PG-S was higher than that of PG-A. The hydroxyl group at the C-7 position on the pyran-pyrrole skeleton appeared to have no relationship to the progress of activity of this pyranonigrin. It is suggested that the hydroxyl group at the C-3 position may be related with the antioxidative activity, although this cannot explain the high activity of PG-S compared with PG-A. The reason for the difference in antioxidative activity between PG-A and PG-S needs to be investigated.
Distribution of pyranonigrins in rice mold starters fermented by Aspergillus species
The content of PG-S in the rice mold starters fermented by Aspergillus species was determined by HPLC ( Table 2) . Although there was no PG-S in nonfermented rice, it was found in the rice mold-starters of A. awamori, A. kawachii, and A. saitoi. PG-S was found to be produced by the fermentation of rice with filamentous fungi which are used for the manufacture of ''shochu'' distilled liquor in Japan. However, it was not detected in the rice mold starters prepared with A. oryzae or A. sojae, which are used for the manufacture of sake, miso, and soy sauce. The distribution of PG-S was similar to that of PG-A in the rice mold starters although the content of PG-S was small compared with PG-A. 9) Pyranonigrins PG-A and PG-S were found in the rice mold starter used for shochu.
Furthermore, the content of PG-A has been shown to be correlated with the antioxidative activity of rice mold starters. 9) In an HPLC analysis, PG-A and PG-S were the main peaks in the antioxidative fraction of the rice mold starter prepared by A. saitoi. They are thought to be related with the antioxidative activity of the rice mold starter. This suggests that PG-S may also participate in the activity of rice mold starters, because PG-S had higher antioxidative activity than PG-A.
The content of pyranonigrins PG-A and PG-S in rice fermented by A. saitoi KBN2024 during the culture period was determined by HPLC (Table 3) . There were no pyranonigrins in the rice fermented for the first two days, but PG-A and PG-S were detected in rice fermented for 3 d (5:1 Â 10 7 spores/g) during the period of spore formation. The greater the number of spores, the higher the content of pyranonigrins in the rice mold starter. The content of pyranonigrins in the rice mold starter was suggested to be correlated with this spore formation.
The content of pyranonigrins PG-A and PG-S in the parts of one particle of the rice mold starter prepared by A. saitoi was measured (Table 4) . Pyranonigrins were abundantly contained in the spore part of the rice mold starter in comparison with the rice part. They were also contained abundantly in the spore part of the rice mold starters of A. awamori and A. kawachii (data not shown). These compounds, which have a pyran-pyrrole skeleton as pyranonigrins, have not been previously reported to be present in rice. This suggests that pyranonigrins are not converted from compounds in the rice, but are secondary metabolites in spores of the Aspergillus species such as A. awamori, A. kawachii, and A. saitoi. Elucidation of the biosynthesis of pyranonigrins in rice mold-starters of A. saitoi, A. awamori, and A. kawachii is a subject for further research.
Suppressive effect on the expression of adhesion molecules
Such natural dietary compounds as flavonoids have been reported to have a suppressive effect on the expression of blood adhesion molecules, and can thus be expected to have some effect in the prevention of arteriosclerosis. [14] [15] [16] In this study, pyranonigrins PG-A and PG-S were examined for their suppressive effect on the expression on blood adhesion molecules of VCAM-1 in HUVECs induced by -TNF, as shown in Fig. 2 . PG-A exhibited a significantly suppressive effect on VCAM-1 expression at 10 mM in the assay in comparison with the positive control (P < 0:05), although PG-S did not show the same efficacy. Luteolin as a flavonoid, an active standard, 16) exhibited a significant effect at 10 mM (P < 0:05). PG-A may be a bioactive compound related to the prevention of arteriosclerosis, because it was found to have a suppressive effect on the expression of blood adhesion molecules and had radical scavenging activity. The difference in the efficacy of PG-A and PG-S may be related to the structure of the pyranpyrrole skeleton, but further research is thought to be needed. Pyranonigrins were not found to exert any harmful influence the cell viability of HUVECs from the MTT assay. They demonstrated no toxicity against HUVECs of human cells at the concentration of 10 mM used in this assay.
This study investigated an antioxidant and its biofunction in rice mold starters produced by Aspergillus species. PG-A and PG-S were isolated from rice mold starters used in the manufacturing process of Japanese ''shochu'' distilled liquor. The shochu cake produced from the manufacturing process of shochu may be able to supply the materials for pyranonigrins. Pyranonigrins PG-A and PG-S were found to have antioxidative activity, and PG-A was shown to have a suppressive effect on the expression of adhesion molecules. We expect that further functional research on pyranonigrins will be conducted in order to elucidate their biofunction in Japanese fermented foods. A, The influence on cell viability of HUVECs was measured with a sample of 1 mM or 10 mM by an MTT assay. B, HUVECs were treated with a sample of 1 mM or 10 mM for 1 h prior to their stimulation with TNF-for 6 h. The assay was performed according to the conditions described in the Materials and Methods section. Each data value is presented as the mean AE SD (N ¼ 4).
Ã Value is significantly different from the positive control at P < 0:05. N-control means negative control that is run with the sample solvent (DMSO) in the MTT and VCAM-1 assays. P-control means the positive control that is run with the sample solvent and the induction of TNF-in the VCAM-1 assay.
